treated with 3% H 2 O 2 for 10 min to inactivate endogenous peroxidase.
The sections were immunostained with primary antibodies against the following targets: Ber-EP4 (Epitomics, USA; EPR677(2), rabbit monoclonal, 1:50), E-cadherin (ZSGB-Bio, China; EP6, ZA-0565, rabbit monoclonal), HBME-1 or mesothelial cell marker (ZSGBBio, HBME-1; ZM-0386, rabbit monoclonal), calretinin (ZSGB-Bio; EP93, ZA-0026, rabbit monoclonal), P53 (ZSGB-Bio; DO-7, ZM-0408, mouse monoclonal), and PAX-8 (ZSGB-Bio; MRQ-50, ZM-0468, mouse monoclonal). Immunohistochemical staining was manually performed, and signals were developed using streptavidin-peroxidase (SP) reactions. Positive and negative controls were simultaneously assessed, and the slides were counterstained with haematoxylin. Only membrane-based reactivity was regarded as positive staining for Ber-EP4 and E-cadherin in adenocarcinoma cells, whereas both nuclear and cytoplasmic staining for calretinin was used to identify mesothelial cells. Strong membranous staining for HBME-1 was considered a marker of mesothelial cells, while both membranous and cytoplasmic staining of HBME-1 was used to identify adenocarcinoma cells. In addition, nuclear staining for P53 and PAX-8 was used to identify adenocarcinoma cells of a M€ ullerian origin.
T A B L E 1 Summary of sensitivity and specificity of epithelial markers in high-grade serous carcinoma ascites cell blocks
Marker

HE
Sensitivity Specificity
Ascitespositive
Ascitesnegative
Ber-EP4 
| Data analysis
We used the results from haematoxylin and eosin (HE) staining as gold standard and those of immunostained markers as new findings to construct a 4 9 4 table to calculate both sensitivity and specificity of each marker as shown in Tables 1 and 2 3 | RESULTS
| Ber-EP4
In total, 70 cases of ascites cell blocks were stained for Ber-EP4. 
| Mesothelial cell marker (HBME-1)
Subsequently, 69 available cases of ascites cell blocks were stained for HBME-1. Mesothelial cells in 28 ascites-negative cases based on HE staining were positive for HBME-1. The sensitivity of HBME-1 was thus 100% (28/28). However, 13 ascites-positive cases based on HE staining exhibited were positive for HBME-1 expression in tumour cells; thus, the specificity of HBME-1 was 68.2% (28/41; Table 2 ).
| E-cadherin
In total, 29 cases of ascites cell blocks were stained for E-cadherin.
Among 20 ascites-positive cases based on HE staining, 19 were positive for E-cadherin. Therefore, the sensitivity of E-cadherin was 95% (19/20). Nevertheless, six ascites-negative cases based on HE staining also showed E-cadherin expression in mesothelial cells.
Therefore, the specificity of E-cadherin was 33.3% (3/9; Table 1 ).
| Calretinin
Twenty-nine available cases of ascites cell blocks were stained for calretinin. Mesothelial cells in eight ascites-negative cases based on | 249 HE staining were positive for calretinin. The sensitivity of calretinin was thus 88.9% (8/9). Two ascites-positive cases also exhibited calretinin-positivity in tumour cells; the specificity of calretinin was therefore 90% (18/20; Table 2 ).
| Panel of these complementary markers
For more precise diagnosis, 29 cases of ascites cell blocks were stained for all four markers. Among these cases, five were falsely negative for Ber-EP4, despite being positive for E-cadherin, whereas one case was falsely negative for E-cadherin, despite being positive for Ber-EP4. Meanwhile, only one case showed false-positivity for both Ber-EP4 and E-cadherin (Table 1) . Thus, Ber-EP4 combined with E-cadherin can increase the sensitivity and specificity for HGSC detection to 100% and 88.9%, respectively (Table 1 ). In addition, because of the reduction in the false-positive rate of HBME-1 and false-negative rate of calretinin, the sensitivity and specificity of HBME-1 and calretinin also increased to 100% and 90%, respectively ( Table 2 ).
| Application of the panel of complementary biomarkers in ascites cytology
These four biomarkers were used to construct a panel of complementary markers for the differential diagnosis of HGSC based on ascites cytology. As shown in Figure 1 , the morphology of cells in the ascites samples were relatively uniform, making it difficult to identify the cells as epithelial tumour cells or mesothelial cells based solely cytological observation after HE staining. The presence of
Ber-Ep4 and E-cadherin indicated that the most of these cells were epithelial tumour cells, while nuclear positivity of calretinin and membrane positivity of HBME-1 were detected in other cells that were identified as benign mesothelial cells.
However, because of its high specificity but relatively poor sensitivity, Ber-EP4 staining appeared falsely negative in some cases (Figure 2) . Nevertheless, these Ber-EP4-negative cells were positive Ecadherin, negative for calretinin, and weakly positive for HBME-1.
By comprehensive analyses, these cells were confirmed as metastatic epithelial tumour cells. By contrast, because of its high sensitivity
F I G U R E 2 One case that was falsely negative for Ber-Ep4 expression in tumour cells. It was difficult to identify whether these cells were epithelial tumour cells or mesothelial cells based on haematoxylin and eosin staining alone (A). Ber-Ep4 (B) staining was negative, whereas E-cadherin (C) staining was positive in the membrane, indicating that these cells may be epithelial tumour cells. Moreover, weak falsepositivity of HBME-1 (D) and negativity of calretinin (E) in most cells further confirmed that these cells were epithelial tumour cells. (A, haematoxylin and eosin 9200; B-E, immunohistochemistry 9200) and poor specificity, HBME-1 gave false-positive results in some cases ( Figure 3 ). In one preoperative case, Ber-Ep4 and E-cadherin were positive in the membrane of some cells. However, some parts of the membrane in these cells were also positive for HBME-1.
Because these cells were negative for calretinin expression, HBME-1 probably cross-reacted with tumour cells and thus gave rise to falsepositive results in this case.
Among 16 patients with preoperative ascites, three simultaneously had pleural effusion. Among these cases, 15 (93.7%, 15/16) were confirmed to be positive for tumour cells in ascites. The immunocytochemical staining results are summarized in Table 3 .
The rate of false-negativity for Ber-EP4 and E-cadherin in tumour cells was 33.3% (5/15) and 12.5% (1/8), respectively, whereas the rate of false-negativity for HBME-1 and calretinin in mesothelial cells was 0% and 11.1% (1/9), respectively. Nevertheless, the rate of positivity for P53 and PAX-8, the markers of HGSC, was 54.5% (6/11) and 58.3% (7/12), respectively. After comprehensive analyses, six cases were diagnosed as HGSC prior to surgery. and the specificity of Ber-EP4 in adenocarcinomas was as high as 83%-100%. 8, 9 The antibody against the mesothelial cell marker HBME-1, which has been isolated from a human malignant epithelial mesothelioma cell suspension, can bind to an antigen on the surface of mesothelial cells. 7 HBME-1 has been reported to be expressed in 76%-100% of mesothelioma cells, 77%-100% of reactive mesothelial cells, and 15%-100% of adenocarcinoma cells. [7] [8] [9] [10] In this study, the sensitivity and specificity was 85.7% and 82.1% for Ber-EP4 and 100% and 68.3% for HBME-1, respectively. Thus, our results are consistent with other reports.
| DISCUSSION
In view of the poor sensitivity and a relatively low specificity of
Ber-EP4 and its cross-reaction with HBME-1, a panel of antibodies is needed for more precise diagnosis. Therefore, we examined another marker of epithelial cells, E-cadherin, because this marker was expressed in 72%-100% metastatic adenocarcinomas in the serous effusions and because its specificity ranged from 54% to 100%. 11 In addition, the expression of calretinin, an intercellular calcium-binding protein belonging to the troponin C superfamily, was also examined in our study. The cytological examination of serous effusions showed that the rate of positivity for calretinin in mesothelial cells ranged from 58% to 100%, with a specificity of approximately 91%-100%. 12 Based on our study, the sensitivity and specificity were 95% and 33.3% and 88.9% for E-cadherin and 90%
for calretinin, respectively. Other than the four major markers used in our study, many immunostaining markers such as MOC-31, EMA, WT-1, D2-40, CK5/6, CA199, CEA, mesothelin and thrombomodulin have been used for the differential diagnosis of adenocarcinoma cells and mesothelial cells. 7, 9, 10 However, the sensitivity and specificity of these markers varies from 21% to 100% when used alone. 7 Based on our results, the combination of Ber-EP4 and E-cadherin as markers of adenocarcinoma cells increased sensitivity and specificity to 100% and 88.9%, respectively. Meanwhile, these values could be further improved to 100% and 90% after combining HBME-1 and calretinin staining to exclude mesothelial cells. In conclusion, a panel of complementary markers including Ber-EP4, E-cadherin, HBME-1 
